Expression and characterization of ferredoxin and flavin adenine dinucleotide binding domains of the reductase component of soluble methane monooxygenase from Methylococcus capsulatus (Bath).
Soluble methane monooxygenase (sMMO) from Methylococcus capsulatus (Bath) catalyzes the selective oxidation of methane to methanol, the first step in the primary catabolic pathway of methanotrophic bacteria. A reductase (MMOR) mediates electron transfer from NADH through its FAD and [2Fe-2S] cofactors to the dinuclear non-heme iron sites housed in a hydroxylase (MMOH). The structurally distinct [2Fe-2S], FAD, and NADH binding domains of MMOR facilitated division of the protein into its functional ferredoxin (MMOR-Fd) and FAD/NADH (MMOR-FAD) component domains. The 10.9 kDa MMOR-Fd (MMOR residues 1-98) and 27.6 kDa MMOR-FAD (MMOR residues 99-348) were expressed and purified from recombinant Escherichia coli systems. The Fd and FAD domains have absorbance spectral features identical to those of the [2Fe-2S] and flavin components, respectively, of MMOR. Redox potentials, determined by reductive titrations that included indicator dyes, for the [2Fe-2S] and FAD cofactors in the domains are as follows: -205.2 +/- 1.3 mV for [2Fe-2S](ox/red), -172.4 +/- 2.0 mV for FAD(ox/sq), and -266.4 +/- 3.5 mV for FAD(sq/hq). Kinetic and spectral properties of intermediates observed in the reaction of oxidized MMOR-FAD (FAD(ox)) with NADH at 4 degrees C were established with stopped-flow UV-visible spectroscopy. Analysis of the influence of pH on MMOR-FAD optical spectra, redox potentials, and NADH reaction kinetics afforded pK(a) values for the semiquinone (FAD(sq)) and hydroquinone (FAD(hq)) MMOR-FAD species and two protonatable groups near the flavin cofactor. Electron transfer from MMOR-FAD(hq) to oxidized MMOR-Fd is extremely slow (k = 1500 M(-1) s(-1) at 25 degrees C, compared to 90 s(-1) at 4 degrees C for internal electron transfer between cofactors in MMOR), indicating that cofactor proximity is essential for efficient interdomain electron transfer.